SUMMARY A study was performed to test the hypothesis that Doppler echocardiographic measurement of ascending aortic blood flow can detect exercise induced changes in left ventricular performance during exercise in patients suspected of having ischaemic heart disease. Acceleration and peak velocity of flow and stroke volume were determined by non-imaging Doppler echocardiography in the suprasternal notch in 38 patients as they underwent simultaneous exercise radionuclide ventriculography. The patients were divided into four groups: group 1 had resting ejection fractions >,50% and increased their ejection fractions >55% during exercise; group 2 had resting ejection fractions of > 50% but the ejection fraction either fell or rose < 5% during exercise; group 3 had resting ejection fractions <50% but the ejection fraction rose > 5% during exercise; and group 4 had resting ejection fractions < 50% and the exercise ejection fraction either fell or rose < 5% during exercise. Acceleration, velocity, and stroke volume all rose significantly during exercise in group 1. Acceleration also increased in group 2 but to a lesser extent; velocity and stroke volume did not increase. In group 3 acceleration and velocity increased but to a lesser extent than in group 1; stroke volume did not increase. In group 4 velocity increased slightly during exercise but acceleration and stroke volume were unchanged.
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Doppler echocardiography thus appears capable of detecting exercise induced changes in left ventricular performance and can identify normal and abnormal responses, as defined by radionuclide ventriculography.
Non-invasive evaluation of left ventricular performance both at rest and during exercise is highly desirable. Doppler echocardiography has proved to be an accurate means for non-invasively measuring the velocity of blood flow in the ascending aorta' and can be used to had an abnormal resting ejection fraction (<50%) and the ejection fraction during exercise rose by > 5%; and group 4 patients had abnormal resting ejection fractions (<50%) and the ejection fraction during exercise either fell or rose by < 5%.
STATISTICAL METHODS
The mean and standard deviation was used to summarise groups of data points. The mean of a study variate (peak velocity of flow (v), acceleration of flow (A), stroke volume (SV), heart rate (HR), and systolic blood pressure (SBP) at rest was compared with the mean at exercise and paired t tests were used for each group. For each variate the mean changes from rest to exercise for the four groups were assessed with a one way analysis of variance. When the F test was significant (p < 0 003 for A, p < 0 0005 for SV, and p < 0 0001 for V) the least significant difference (LSD)'2 procedure was used to compare pairs of mean changes and the probability level of each LSD comparison was given. When the F test was not significant (p > 0 5 for HR, p > 0 9 for SBP, and p > 0-6 for HR x SBP), multiple comparisons were judged not significant (NS).
Simple linear regression analysis was used to relate exercise induced changes in peak velocity, acceleration, and stroke volume to changes in ejection fraction.
Results
The table lists the resting and exercise ejection fractions and the maximum heart rate and blood pressure and double product achieved during exercise for each individual patient together with Doppler derived acceleration, peak velocity, and stroke volume. No significant difference was seen between the increase in heart rate and blood pressure during exercise in the four groups. Figure 1 shows This study demonstrates that technically adequate Doppler echocardiographic recordings of blood flow in the ascending aorta can be obtained both at rest and during exercise in a high proportion (92%) of patients undergoing evaluation for suspected * . ischaemic heart disease. Similar changes were seen in patients with abnormal resting ejection fractions. Acceleration and peak velocity both increased in patients in group 3, those with abnormal resting ejection fractions but normal increases in ejection fraction with exercise, but to a significantly lesser extent than in group 1. Stroke volume was unchanged during exercise.
Neither acceleration nor stroke volume increased during exercise in patients in group 4, those with abnormal resting ejection fractions and failure to increase their ejection fractions during exercise. Peak velocity did increase but to a lesser extent than that of patients in group 3.
These results indicate that Doppler echocardiography of blood flow in the ascending aorta can detect exercise induced abnormalities in left ventricular function, at least as defined by radionuclide ventriculography. Although the groupings according to resting ejection fraction and change in ejection fraction during exercise were arbitrary and there is undoubtedly some variability in the determination of ejection fraction by radionuclide ventriculography, the magnitude of exercise induced changes in acceleration and peak velocity seemed to vary inversely with the degree of left ventricular dysfunction judged by the ejection fraction. Acceleration and peak flow increased most in group 1 and the increase progressively declined when group 2 was compared with group 1, group 3 with group 2, and group 4 with group 3. As expected, the changes in stroke volume were not as closely related to the degree of left ventricular dysfunction.
Exercise induced changes in acceleration, peak velocity, and stroke volume were also compared directly with the change in ejection fraction. The best correlations were found between the change in acceleration and peak velocity and the change in ejection fraction; the correlation with the change in stroke volume was This study confirms earlier work showing that the velocity profile of blood flow in the ascending aorta is related to left ventricular performance 1-5 and indicates the practicality of non-invasively measuring flow in the ascending aorta during exercise with Doppler echocardiography; six changes in left ventricular performance precipitated by exercise can be detected by this technique. Further studies are needed to investigate more precisely the relation between left ventricular dysfunction and blood flow in the ascending aorta and to develop clinical application of Doppler echocardiography to detect left ventricular dysfunction both at rest and during exercise.
